Organisms spanning all domains of life protect against pathogens using diverse 7 mechanisms of nucleic acid immunity which detect and eliminate foreign genetic 8 material 1 . The perpetual arms race between bacteria and their viruses (phages) has given 9 rise to both innate and adaptive nucleic acid immunity mechanisms, including 10 restriction-modification and CRISPR-Cas, respectively 2 . These sophisticated systems 11 encode multiple components that sense and degrade phage-derived genetic material 12 while leaving the host genome unharmed. Here, we describe a unique mode of innate 13 immunity performed by a single protein, SERP2475, herein renamed to Nhi. We show that 14 this enzyme protects against phages by preventing phage DNA accumulation, and in a 15 purified system it degrades both DNA and RNA substrates. This enzyme also exhibits 16 ATP-dependent helicase activity, and excess ATP abrogates nuclease function, 17 suggesting a possible mechanism for its regulation. Further, using directed evolution, we 18 isolated and characterized a collection of resistant phage mutants and found that a 19 single-stranded DNA binding protein provides a natural means for phages to escape 20 immunity. These observations support a model in which Nhi senses and degrades 21 phage-specific replication intermediates. We also found that this dual-function enzyme 22 protects against diverse phages, and its homologs are distributed across several 23 bacterial phyla. Altogether, our findings reveal a new innate immune system with minimal 24 composition that provides robust defense against diverse bacterial viruses. a process that typically leads to the death of the host (Fig. 1a ). In response, bacteria have 30 evolved diverse immune systems that target nearly every step of the phage infection cycle 2 --31 such systems may block phage genome entry, digest phage-derived nucleic acids, and/or 32 initiate programmed cell death, a process known as abortive infection (Abi), to prevent the 33 spread of a phage infection. Perhaps the most direct mechanism to block phage replication is 34 through the use of nucleases that sense and destroy foreign genetic material. However, bacteria 35 are known to possess only two modes of nucleic acid immunity which contribute to anti-phage 36 defense: Innate immunity provided by restriction-modification (R-M) and adaptive immunity 37 conferred by CRISPR-Cas ( Fig. 1a ). Given that bacteria and their phages have been co-38 evolving for billions of years, it is only natural to expect that many unknown immune systems 39 are yet to be discovered, particularly in non-model organisms 4,5 .
Phages are the most abundant entities in the biosphere 3 , and as such they impose a tremendous selective pressure upon their bacterial hosts. Phages attach to a specific host, identity (Extended Data 2), however, they exhibit distinct host ranges-While Andhra and Pontiff can infect the wild-type RP62a strain, JBug18 and Pike can only infect a mutant variant, at ratios of 1:1, 5:1, or 10:1, and cell viability was measured following 5 hours. We found that while (Extended Data 6 a and b). Finally, we tested DNase activity on various double-stranded attempt yielded resistant phages, which upon further inspection were found to possess hybrid genomes that contain a patchwork of Andhra and JBug18 sequences. These hybrids necessarily possess the expected gp03 genotypes: While the resistant phage Pontiff encodes a full-length replication machinery 23 , our observations support a preliminary model for immunity in which 160 SERP2475 senses phage-specific replication intermediates and uses its helicase and nuclease 161 activities to unwind and degrade them (Fig. 4) . Future work will investigate how these activities 162 are coordinated to achieve anti-phage defense.
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Altogether, our findings describe a new mechanism of innate nucleic acid immunity 164 performed by S. epidermidis RP62a SERP2475. Taking into account its demonstrated functions, 165 we propose to name this enzyme Nhi (Nuclease-helicase mediated immunity). Importantly, further 166 testing has revealed that Nhi provides robust immunity against diverse phages that infect both S. 167 epidermidis and S. aureus strains (Extended Data 9). Additionally, Nhi homologs can be found in 168 several bacterial phyla (Extended Data 10). Thus, this unique mode of innate immunity likely 169 represents a common defense strategy used in the battle between bacteria and their viruses.
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Methods Phage propagation and plate infection assays. S. epidermidis phages (Andhra, JBug18, assays, 10-fold dilutions of phage stocks were spotted atop a lawn of indicated strains using the 186 double-agar overlay method 12 . Following overnight incubation, phage pfu/mL were enumerated.
187

Construction of pC194 and pT181-based plasmids and introduction into staphylococcal
188 strains. All pC194-and pT181-based plasmids were constructed using either inverse PCR or 189 Gibson Assembly 26 with the primers listed in Table S1 as described previously 27 . pAH011 28 , a 190 derivative of pC194 15 , was used as the backbone for plasmids designated as pSERP-in this 191 study. Plasmid pT181 22 was used as backbone for pT181-gp03 and pT181-gp0304. All 192 assembled plasmids were first introduced into S. aureus RN4220 (pC194-based plasmids) or 193 OS2 (pT181-based plasmids) via electroporation and inserted sequences were confirmed by 194 PCR amplification and Sanger sequencing (performed by Eurofins MWG Operon) using primers 195 shown in Table S1 . Confirmed plasmids were purified using EZNA Plasmid Mini Kit (Omega 202 incubated at 37°C for 10 min. Cells along with adsorbed phages were pelleted at 8000 x g for 5 203 min at 4°C and resulting supernatants were passed through 0.45 µm syringe filter. The number 204 of free phages in the supernatants were enumerated by the double-agar overlay method 12 . The 205 number of adsorbed phages were determined by subtracting the number of phages in suspension from the number that was initially added. Triplicate samples were prepared for each Construction of pET28b-His10Smt3-based plasmids. pET28b-His10Smt3-SERP2475 was constructed using restriction cloning with primers N284 and N266 (Table S1 ) as previously Helicase Assay. Double-stranded DNA substrates with the top strand radiolabeled were prepared as described above. The helicase assay was performed by first mixing 10 pmol of epidermidis LM1680 harboring pT181-gp03 or pT181-gp0304 were diluted 1:100 in fresh TSB supplemented with antibiotics and 5 mM CaCl2. The mixture was incubated at 37°C for an hour with agitation overnight. The next day, cells were pelleted by centrifugation at 8000 x g for 5 min 285 and supernatant was filtered through 0.45 µm filter. Filtered lysates were mixed with LM1680-286 pSERP2475 overnight culture (1:1) and the mixture was plated on TSA containing 5 mM CaCl2 287 using the double-agar overlay method 12 . For all phage hybrids, individual plaques were isolated 288 and re-plated three times on LM1680/pSERP-2475 to purify. Phages were propagated and their
289
DNA was extracted as previously described 30 . Phage genomes were PCR amplified across the 290 entire coding region for Hybrids 1-8 or gp03-gp04 for Hybrids 9-18, and the PCR products were 291 sequenced by the Sanger method (at Eurofins MWG Operon) using the primers listed in Table   292 S1. Unusual Modular Design. mSphere 2, 1-9 (2017) .
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